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Chapter 1

The immune system protects us from harmful microbial infections. Such protection
results from the interplay between innate and adaptive (acquired) immunity, both
of which involve differential recognition of self from infectious non-self. While innate
immunity relies upon antigen-nonspecific pattern-recognition receptors to broadly
sense offensive signals, adaptive immunity utilizes far more specific antigen
receptors. These antigen receptors are expressed by B and T cells, and function to
better discriminate various antigenic epitopes in order to achieve specific immunity

and immunological memory (1, 2).

Bone marrow

Hematopoiesis is the process of production of mature blood cells, which primarily
takes place in the bone marrow (3). Here, pluripotent stem cells reside that give
rise to the various types of blood cells. Pluripotent stem cells maintain, in contrast
to differentiated blood cells, their proliferative ability throughout the life of an
individual. These pluripotent stem cells divide to produce two types of stem cells. A
common myeloid progenitor that gives rise to the myeloid lineage, which comprises
erythrocytes, platelets and most of the cells of the innate immune system, such as
granulocytes, macrophages, mast cells, monocytes, and dendritic cells. A common
lymphoid progenitor gives rise to the lymphoid lineage, which comprises the natural
killer cells of the innate immunity and lymphocytes of the adaptive immune system.
There are two types of lymphocytes, B lymphocytes (B cells) and T lymphocytes (T
cells) (4).

Normal B cell development

In the body, the humoral immune response is mediated primarily by B cells and
requires enormous variability in immunoglobulins to deal with all possible antigens.
Immunoglobulins, or antibody molecules, consist of a constant region and a
variable region. The constant region takes one of only five distinguishable forms
which determine the effector function. The variable region is the actual antigen
binding site and can be composed of an apparently endless variety of different
amino acid sequences, forming subtle differences that allow antibodies to bind
specifically to an equally infinite variety of antigens. In addition, multiple regulatory
mechanisms are required to discriminate self from non-self and to yield long-lasting

immunological memory.
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B cells arise in the bone marrow from stem cells and differentiate through a
complicated and highly regulated process into cells that can produce antibodies
capable of recognizing specific foreign antigens. The development of B cells in the
bone marrow is initiated by the assembly of genes for the variable regions of the
heavy and light chains of antibodies in B cell progenitors which is obligatory for B
cell antigen receptor (BCR) expression (5). The BCR is a membrane bound
immunoglobulin and consists of two heavy and two light chains. First, the heavy
chains of the BCR are produced, thereafter the light chains (6).

The variable regions of heavy and light chains are formed by DNA rearrangement of
multiple different segments on the heavy and light chain loci (Fig. 1). This process
is called V(D)J recombination, in which the gene rearrangements start at the heavy
chain locus in pro-B cells with first random combinatorial joining of the D (diversity)
and ] (joining) gene segments (7). Subsequently, rearrangements of V (variable)
gene segments to DJ-rearranged segments are induced and if successful at one
allele, the other allele is turned off by allelic exclusion (8). Light chains consist of
and rearrange V and ] gene segments and are combined with the heavy chain. The
recombination process generates an enormous antigen receptor diversity, which is
further increased by random nucleotide introduction in the joining regions during
recombination. An intact pre-BCR is expressed at the cell surface of the dividing

pre-B cell.

B cell selection

During B cell proliferation, positive and negative selection checkpoints are set to
test the competence of the (pre-)BCR (Fig. 2). In the bone marrow, positive
selection occurs in cells expressing a transmembrane pre-BCR. This selection
means that signaling from the pre-BCR is required to suppress V(D)J recombination
and an appropriate pre-BCR signals for proliferative expansion (9). Whether pre-
BCR cross-linking by an unknown ligand or simple surface expression is sufficient is
still debated. Pre-B cells that fail to fulfill proper receptor requirements are
developmentally arrested or forced into apoptosis (10). Thus, B cells expressing an
appropriate pre-BCR will continue to develop. These immature B cells undergo
negative selection at later stages of development, since most of the generated
BCRs are self-reactive (11). This negative selection occurs before the immature B
cells leave the bone marrow; if a BCR reacts with self-antigen in the bone marrow,

receptor editing is induced. The process of receptor editing rescues the B cells when
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secondary V(D)J rearrangements induce the replacement of the autoreactive
antigen receptors to non-self reactive antigen receptors (12, 13). Immature B cells
progress from a receptor-editing competent, apoptosis-resistant stage into a

receptor-editing incompetent, apoptosis-sensitive stage (14). A B cell that passes
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Figure 1. The heavy chain genes have no complete exon encoding the variable region domain,
instead this is split into arrays of gene segments. Light chain genes are similarly organized on
different chromosomes but they have no diversity gene segments. Immunoglobulin genes rearrange
segments with the looping out of intervening DNA. This is done in a precise order: first the heavy
chain rearranges, then if a functional heavy chain (always IgM initially) results (many joins are out of
frame), the light chains rearrange also in order, first kappa then if kappa is unproductive (or cannot

pair with the heavy chain) lambda.
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both positive and negative selection checkpoints expresses a functional, non-self
reactive BCR that is able to encounter foreign antigen as it leaves the bone marrow.
The rearranged genes code for both the BCR at the cell surface and for secreted
immunoglobulins after the B cell has differentiated into plasma cell. Thus, the BCR
and the produced antibodies of one B cell have the same specificity for a particular

antigen.

Germinal center reaction

After leaving the bone marrow, the immature B cells pass from the blood into
secondary lymphoid organs: lymph nodes, spleen and mucosa-associated lymphoid
tissue (MALT). Immature B cells that migrate from the bone marrow to the
periphery are referred to as transitional B cells. Transitional B cells can be
distinguished from mature B cells by the absence of the ATP-binding cassette
(ABC)B1 transporter (15) and because they express low levels of recombination
activating gene (RAG) mRNA (16). Transitional B cells are short-lived and only
10—30% of these cells become long-lived mature, naive B cells and are localized
together with follicular dendritic cells (FDCs) in discrete clusters called primary
follicles. These FDCs are thought to provide signals essential for the survival and
continued recirculation of the naive B cells. FDCs have taken up foreign antigen,
which is presented on their membrane. B cells monitor the antigens present on
FDCs and upon recognition of the antigen by their BCR the germinal center reaction
is initiated (17). In addition to FDCs recently identified ‘antigen transport cells’ and
mariginal zone B cells in the spleen have been implicated in the process of antigen
presentation to B cells (18).

During the germinal center reaction the activated B cells start to divide forming a
secondary follicle, the germinal center. Here their genomic DNA may undergo
modifications, a process called somatic hypermutation (SHM). During SHM, small
changes, mainly single nucleotide exchanges but also deletions and duplication, are
introduced at a high rate into the variable-region genes of the BCR. Because of
these changes a wide variety of B cells is made, all recognizing the same antigenic
epitope but with a different affinity. B cells with a BCR with the highest affinity for
the antigen are positively selected for survival (19). Depending on the antigen, the
BCR can acquire another constant region in a process called class switch
recombination (CSR) (20) by switching from IgM expression to heavy chain

expression of other immunoglobulin classes: 1gG, IgA or IgE, leaving the antigen
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specificity unaltered (21). The subclass of the constant region confers functional
specialization on the antibody: e.g. IgG1-3 and IgM can activate the classical
pathway of complement activation, IgA1 the alternative pathway of complement
activation, IgG1-3 can be transferred across the placenta, IgE has high-affinity
binding to mast cells and basophils and, except for IgG2 and IgM, all (sub)classes
can bind Fc receptors on macrophages and phagocytes. IgD is coexpressed with
IgM on the surface of almost all mature B cells, although this isotype is secreted in
only small amounts of plasma cells and its function is unknown. Although germinal
center formation strongly facilitates CSR and SHM, other environments can also
support CSR and SHM. B cells from patients of which the CD40 ligand gene is
mutated (X-linked hyper-IgM syndrome type 1I), have a certain level of
hypermutation, although there are no germinal centers (22). Also, T-cell-
independent antigens initiate IgA class switching by linking B cells with multiple
innate immune pathways. Whereas some T-cell-independent antigens activate B
cells through Toll-like receptors (TLRs) (e.g. LPS), others activate B cells through
their BCR (e.g. polysaccharides). T-cell-independent antigens can also provide
additional B-cell-stimulating signals through DCs, which release soluble class-
switch-inducing factors related to CD40L, including B-cell activating factor (BAFF;
also known as BLyS) and a proliferation-inducing ligand (APRIL) (reviewed in (23)).

Terminal B cell differentiation

B cells that have successfully bound antigen and survived selection leave the
germinal center and migrate into the periphery, where they become either memory
B cells or plasma cells (24, 25). IL-10 has been put forward as the key cytokine
that terminates the expansion of memory B cells by inducing differentiation into
plasma cells (26). Plasma cells predominantly migrate to the bone marrow and
have different live spans. Productive signaling events lead to the generation of
short-lived antibody-secreting cells that survive only for a few weeks (27). Memory
B cells reside in secondary lymphoid organs and rapidly proliferate and differentiate
upon exposure to the same antigen without further involvement of germinal
centers, generating high amounts of long-lived immunoglobulin secreting plasma

cells that account for the persistence of the humoral immune response (28).
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Figure 2. B-cell development occurs in both the bone marrow and peripheral lymphoid tissues such as
the spleen. In the bone marrow, development progresses through the pro-B-cell, pre-B-cell and
immature-B-cell stages. During this differentiation, rearrangements at the immunoglobulin locus
ultimately result in the expression of a mature BCR that is capable of binding antigen. At this

immature stage of development, B cells undergo a selection process to prevent any further

development of self-reactive cells. Both receptor editing and clonal deletion have a role at this stage.
Cells successfully completing this checkpoint leave the bone marrow as transitional B cell, eventually
maturing into mature follicular B cell (or marginal-zone B cell). Following an immune response,

antigen-specific B cells develop into either plasma cell or memory B cell.

Salmonella infection

Antibodies produced by antigen-specific B cells are important in the clearance of
bacterial infections. On the one hand they opsonize bacteria to activate the
complement system that will ultimately lead to lysis of the bacteria. On the other
hand, antibodies opsonize bacteria to be recognized by phagocytic cells and
subsequent destruction of the bacteria by phagocytes. Salmonella enterica is a
Gram-negative, enteric pathogen responsible for disease syndromes of significant

morbidity and mortality (29). After oral uptake, the bacterium crosses the intestinal
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epithelium via M cells (or microfold cells). M cells are found in the follicle-associated
epithelium of the Peyer's patch and differ from normal enterocytes in that they lack
microvilli on their apical surface. Instead, M cells possess broader microfolds and
the filamentous brush border glycocalyx, an extracellular polysaccharide layer
found throughout the intestine attached to enterocytes, is much thinner or absent
on M cells. This allows M cells to sample antigen/bacteria from the lumen and
deliver it via transcytosis to the Peyer’s patches (30). Another way of bacterial
invasion in the intestinal mucosa is via dendritic cells (DCs). DCs express tight-
junction proteins, open the tight-junctions between epithelial cells and send
dendrites outside the epithelium into the lumen to directly sample microorganisms.
In this way, DCs can transport bacteria to the basolateral side while preserving the
integrity of the epithelial barrier (31). The bacteria are ultimately internalized by
macrophages, dendritic cells, and neutrophils (32, 33). Entry into these cells is
actively induced by the bacterium through an impressive array of effector proteins
that orchestrate uptake by manipulating the host cellular machinery (34).
Salmonellae manipulate host cells upon infection in order to alter the actin
cytoskeleton allowing phagosomal cup formation and entry of the relatively large
pathogen into the host cell. Bacterial effector proteins are therefore introduced into
the host cytosol through the Salmonella Type III Secretion System (TTSS). After
invasion, Salmonella forms an intracellular vacuole called the Salmonella-containing
vacuole (SCV). Here another set of effectors is secreted into the host cytosol for
vacuole maintenance and interference with the endosomal system to obtain
nutrients and to prevent maturation and fusion with lysosomes (35, 36).
Salmonella replicates in an expanding SCV (37, 38) and escapes detection by the
immune system (39, 40). This feature of Salmonella is considered crucial for their
survival and pathogenicity (41). Although Salmonella replicates in the phagosome,
it remains unclear how they are released from the infected cell. This may follow
from apoptosis or necrosis of the infected cell, but this is not established.

When Salmonella has passed the intestinal epithelium, it spreads via mesenteric
lymph nodes to liver, bone marrow and spleen where replication continues (42).
How Salmonella reaches these organs is unclear. So far, especially neutrophils,
CD18-expressing phagocytes and DCs have been implicated (43, 44). Being
facultative intracellular pathogens, immunity to Salmonella requires adequate

humoral and cell-mediated immune responses (45, 46).
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Antigen presentation by MHC class II molecules after BCR recognition
Antigen presentation by B lymphocytes is needed to generate high-affinity Abs (5,
47). Development of an effective humoral immune response is mediated by two
actions of the BCR: transmembrane signaling through BCR-complexes to induce B
cell differentiation and antigen internalization for processing followed by MHC class
II-mediated presentation to acquire T cell help. The proper execution of both
actions requires binding of a polyvalent antigen to multiple BCR molecules on one B
cell.

Since primary B cells are not classical phagocytic cells, it is unclear how they
acquire antigens from bacteria for antigen presentation. B cells can present
particulate antigens in the context of MHC class II (48-51) and are able to extract
antigen from a non-internalizable surface (52). Indeed, many B cell antigens are
polyvalent as they are present in multiple copies to the particulate surfaces of
microbes or cells (53). B cells use their BCR to concentrate specific antigen to the
antigen loading compartments (termed MIIC for MHC class II containing
compartment, see later) for loading of antigenic fragments onto newly synthesized
MHC class II molecules (53). Besides internalization of antigen, the BCR drives
intracellular targeting by accelerating the delivery of antigen to MIICs (54).
Furthermore, BCR signaling ignited by antigen induces acidification of the MIICs
which favors antigen loading onto newly synthesized MHC class II molecules (55).
Together, these cellular adaptations enable B cells to preferentially present specific
antigens that have been internalized via the BCR to CD4" T cells. However, the
exact regulation of MHC class II antigen presentation after BCR-specific recognition

of particulate antigens is not clear.

The regulation of MHC class II antigen presentation

Regulation of the MHC class II antigen presentation pathway may affect the efficacy
of MHC class II antigen presentation. MHC class II molecules are heterodimeric cell
surface glycoproteins that present antigens to CD4+ T cells. After synthesis, the a
and B subunits of the MHC class II molecule associate in the endoplasmic reticulum
(ER) together with the invariant chain (Ii or CD74) (Fig. 3). The Ii folds in part
through the antigen binding groove of the MHC class II molecule, stabilizing the af
heterodimer and preventing the binding of ER polypeptides. Another function of Ii is
to direct MHC class II molecules to the lysosomal-like MIIC compartments (56),

where the majority of MHC class II antigen loading occurs, as it contains two short
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leucine-based sequences in the cytoplasmic tail that are responsible for trafficking
through the endocytic pathway (57). During transport to the MIIC compartments,
the Ii is progressively degraded by various proteinases depending on the cell type
(58), leaving only a small fragment (class II-associated invariant chain peptides
(CLIP)) in the class II peptide binding groove (59). The dissociation of the CLIP
peptide and subsequent loading of antigenic peptide is an essential step in antigen
presentation. Release of CLIP is facilitated by the specialized chaperone HLA-DM
(DM) (60), a nonclassical MHC molecule composed of an a and B subunit. In
addition to displacing CLIP, DM catalyses the natural process of peptide dissociation
(61) by associating to DR to generate a peptide-receptive conformation by opening
the peptide-binding groove. DM dissociates the peptide-MHC class II complex that it
recognizes by perturbing a critical hydrogen bond between a conserved histidine
residue on the B-chain of the MHC class II molecule and the peptide backbone (62).
DM thus releases both CLIP and other nonstable binding peptides. Consequently,
DM acts as a peptide editor, favoring presentation of high affinity peptides (63-66).
HLA-DO (DO), another nonclassical a heterodimer, is expressed in human B cells
(also in thymic medullary epithelium (67) and in subsets of DCs (68)). Association
with DM is necessary for efficient exit of DO from the ER and for accumulation in
lysosomal vesicles (69). DO acts as a negative modulator of antigen loading by
inhibiting the catalytic action of DM on class II peptide loading (70, 71). As a result,
cells expressing DO show elevated cell surface levels of CLIP on HLA-DR3
molecules, paralleled by a reduced, but not abolished, presentation of antigenic
peptides (70). DO does not act as a simple inhibitor of DM, but modulates in a pH-
dependent manner. The activity of DM itself is optimal at pH 5.0, but it still
catalyzes class II-peptide loading at pH 6.0. Association of DO with DM still allows a
respectable amount of DM function at lysosomal-like pH, but abolishes it completely
at pH 6.0, the pH of early endosomes. Thus, DO acts as a sort of pH sensor to
control the activity of DM (72, 73). Thus, DO reduces MHC class II-mediated
presentation of antigenic peptides in general and modulates the antigenic peptide
repertoire by facilitating presentation of particular antigens, while suppressing
others. DO therefore both limits and skews the class II-associated antigenic peptide
repertoire in B cells (70, 72, 74).

The relative levels of DR, DM and DO determine the efficacy of MHC class II antigen
presentation together with cellular processes that determine antigen processing and
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intracellular trafficking of antigens, DR, DM and DO and eventually trafficking of

MHC class II molecules loaded with antigenic peptides to the cell surface.

BCR

MHC class |l

Figure 3. MHC class II apheterodimers assemble in the endoplasmic reticulum (ER) with the
assistance of invariant chain (Ii). The cytoplasmic tail of Ii contains a motif that targets the Ii-MHC
class II complex to the endosomal/lysosomal pathway. During transport to the MIIC, Ii is degraded by
a series of endosomal proteases with the CLIP fragment remaining, which prevents premature peptide
loading. HLA-DM assists exchange of CLIP for relevant exogenous antigenic fragments in the MIICs
prior to transport of stable MHC class II-antigen complexes to the plasma membrane. HLA-DO can

inhibit DM-mediated peptide loading.

17



Chapter 1

Regulation of MHC class II, DM and DO expression.

The relative expression of DO and DM (or the number of DM molecules in
association with DO) related to the level or MHC class II expression control antigen
presentation in B cells. Aberrant expression of DM, DO and/or DR could lead to an
altered MHC class II peptide repertoire. Not surprisingly, DO and DM expression are
very consistent and tightly regulated at different cellular levels in healthy B cells
(75) and during B cell differentiation (76, 77). Expression of DR, DM and DO s
regulated at the transcriptional as well as the post-translational level.

Transcription of MHC class II, DM and DO is regulated by a master regulator termed
the class II transactivator (CIITA) (78, 79). CIITA is transcriptionally controlled by
four distinct promoters, each transcribing a unique first exon and yielding a unique
CIITA transcript (80). The promoters I, III and IV are differentially used in different
cell types and in response to inflammatory stimuli. A physiological role for CIITA-PII
is questioned as transcripts originating from this promoter are rare. CIITA-PI is
constitutively active in myeloid dendritic cells (DCs) and CIITA-PIII constitutively in
B cells, plasmacytoid DCs, monocytes and activated T cells (81). CIITA-PIV has
been shown to be the promoter predominantly involved in IFN-y-inducible CIITA
expression (82, 83). In healthy B cells transcription of the MHC class II genes is

tightly regulated by CIITA, but dysregulation has been observed in tumors (84, 85).

MHC-mediated antigen presentation and cancer

A successful anti-tumor T cell response is achieved by the two effector arms of the
immune system. On the one hand, CD8" CTLs ensure specific elimination of tumor
cells upon recognition of MHC class I-antigen complexes. On the other hand CD4* T
helper cells generate the required T cell help upon activation by MHC class II-
antigen complexes (86). The absence of T cell help can lead to abortive induction of
CTL responses and subsequent tolerance (87). Moreover, T cell help is required for
the maintenance of CTL responses, which is essential in diseases like cancer (88,
89). It has been shown that CD4* T cell inclusion in adoptive T cell transfer studies
improved tumor clearance by the CD8" T cells (90, 91). MHC class II molecules
play a pivotal role in the induction and regulation of an antigen-specific immune
response. MHC class II antigen presentation activates antigen-specific CD4" T cells.
Over the last years it has become clear that the establishment of an effective CD4*
T cell response is required for both the induction and maintenance of anti-tumor

CD8* cytotoxic T lymphocytes (CTL) responses (92). Indeed, loss of MHC class II
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expression has been observed in diffuse large B cell lymphomas with fewer tumor-

infiltrating CD8+ T cells in MHC class II-negative tumors (93, 94).

B-cell chronic lymphocytic leukemia

During B cell differentiation, uncontrolled growth of B cells can occur, resulting in
the formation of lymphomas or leukemia.

B-cell chronic lymphocytic leukemia (B-CLL) is the most common form of leukemia
in adults in the Western world. Typical for the disease is the highly variable clinical
course, with survival rates varying between a few months and two decades (95). B-
CLL is characterized by a progressive accumulation of a malignant B cell population
that fails to undergo apoptosis. Apparently the immune system is unable to deal
with this abnormal cell population. Indeed, B-CLL is characterized by striking
immune incompetence in which not only the number but also the function of the B
and T cells is impaired (96). Prognostic factors for survival of B-CLL patients are the
mutational status of the immunoglobulin IGHV genes, cytogenetic aberrancies,
CD38 and ZAP-70 expression (97). Today, the strongest predictor for survival in B-
CLL is the mutational status of the IGVH genes.

MHC-mediated antigen presentation and B-CLL

In B-CLL patients, malignant B cells accumulate in the bone marrow and periphery.
Apparently, these cells are not recognized by the immune system in such a way
that the malignant cells are effectively cleared. This may be due to immune escape
by the malignant cells by preventing CD4* T cell activation, since B-CLL cells lack
significant expression of CD80 and CD86 costimulatory molecules (98). However,
the absolute numbers of T cells are increased in B-CLL patients. Whether this
expansion is a result of (altered) MHC class II antigen presentation by malignant B
cells has not been established.

A shift in MHC class II antigen presentation by B-CLL cells may lead to altered T
helper cell activation and subsequent help to CD8" CTLs. It is unclear whether the T
cell expansion in B-CLL is indicative for attempted but unsuccessful tumor clearance
or contributes in another way to the disease, for instance by creating an
environment that supports survival of neoplastic cells (99). Antigen-independent
mechanisms have been implicated in the T cell expansion in B-CLL (reviewed in
(100)). The TCR-dependent oligoclonal/monoclonal expansion of CD4+ T cells in B-

CLL however, points to an antigen-driven process. How malignant B cells present
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antigens via MHC class II molecules to CD4" T cells and whether this may be an
explanation for observed T cell expansion in B-CLL is unclear. If so, modulation of
these MHC class II responses would be an interesting approach to control these

tumors.

Acute myeloid leukemia

Acute myeloid leukemia (AML) is a myeloproliferative disorder, characterized by an
arrest in differentiation of hematopoietic stem cells due to acquired mutations. This
results in accumulation of immature non-lymphoid cells in the bone marrow and
peripheral blood, often accompanied by suppression of the normal blood cells. AML
is a heterogeneous disease in which subgroups can be defined with different stages
of immature blasts present and each group is characterized genetic lesions, clinical
behavior, prognosis and therapy (101). With chemotherapy and stem cell
transplantation approximately 70 % of patients achieve complete remission, but
half of these patients relapse (102). Although AML blasts generally express MHC
class II molecules (103), they have escaped the initial immune response in acute
disease status. How efficient AML blasts present antigens via MHC class 1II

molecules is unclear.
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Scope of this thesis

In this thesis, the role of MHC class II antigen presentation in the immune response
against bacterial infections and tumors was investigated.

MHC class II antigen presentation is indispensable for activation of CD4* T helper
cells, which give help to B cells for antibody production. So far it is unclear how
particulate antigens induce MHC class II antigen presentation and CD4+ T helper
activation, as B cells are considered to be non-phagocytic. In Chapter 2 we
investigate how B cells deal with particulate antigens, using beads coated with
antibodies specific for the BCR or the bacterium Salmonella typhimurium as model
systems. We demonstrate that B cells phagoyctose the beads and Sa/monella upon
antigen-recognition by the BCR and that these B cells subsequently activate CD4* T
cells. Since Salmonella is a facultative intracellular bacterium, we investigated the
fate of Salmonella inside the B cell in Chapter 3. For elimination of infected cells,
an effective induction of antigen-specific CD8+ T cells, which can kill infected target
cells, is desirable. In Chapter 4 we demonstrate that B cells are able to cross-
present bacterial antigens via MHC class I to induce an effective CD8* T cell
response. We also show that the ability of B cells to activate Salmonella-specific
CD8™ T cells requires help of CD4* T cells.

Induction of CD4* T cells is indispensable for the generation of an effective and
long-lasting immune response. Some types of cancer escape immune surveillance
by interfering with antigen presentation. Most AML blasts express MHC class II
molecules on their cell surface which could induce CD4" T cells activation. In
Chapter 5 we analyzed cell surface expression of HLA-DR and the efficacy of MHC
class II antigen presentation by analyzing the amount of the self-peptide CLIP
inside the peptide binding groove of HLA-DR. Chapter 6 describes the efficacy of
MHC class II antigen presentation in B-CLL and we correlated this to the ex vivo
analysis of the T cell compartment in B-CLL patients. Evaluation of the MHC class II
antigen presentation components at the mRNA level in Chapter 7 revealed that all
components are significantly higher transcribed in B-CLL patients. Survival analysis
of patients showed that the level of DOA mRNA at the time of sample acquisition
has prognostic power. Chapter 8 contains a general discussion and a summary of

the results.

21



Chapter 1

References

22

1.

10.

11.

12,

13.

14,

15.

16.

17.

Fearon, D. T. and R. M. Locksley. 1996. The instructive role of innate immunity in the acquired
immune response. Science 272: 50-53.

Matzinger, P. 1994. Tolerance, danger, and the extended family. Annu. Rev. Immunol. 12:
991-1045.

Weissman, I. L. 2000. Translating stem and progenitor cell biology to the clinic: barriers and
opportunities. Science 287: 1442-1446.

Janeway, C. Janeway's immunobiology. -- 7th ed. / Kenneth Murphy, Paul Travers, Mark
Walport.

Rajewsky, K. 1996. Clonal selection and learning in the antibody system. Nature 381: 751-
758.

Alt, F. W., G. D. Yancopoulos, T. K. Blackwell, C. Wood, E. Thomas, M. Boss, R. Coffman, N.
Rosenberg, S. Tonegawa, and D. Baltimore. 1984. Ordered rearrangement of immunoglobulin
heavy chain variable region segments. EMBO J. 3: 1209-1219.

Melchers, F., E. ten Boekel, T. Seidl, X. C. Kong, T. Yamagami, K. Onishi, T. Shimizu, A. G.
Rolink, and J. Andersson. 2000. Repertoire selection by pre-B-cell receptors and B-cell
receptors, and genetic control of B-cell development from immature to mature B cells.
Immunol. Rev. 175: 33-46.

Ehlich, A. and R. Kuppers. 1995. Analysis of immunoglobulin gene rearrangements in single B
cells. Curr. Opin. Immunol. 7: 281-284.

Meffre, E., R. Casellas, and M. C. Nussenzweig. 2000. Antibody regulation of B cell
development. Nat. Immunol. 1: 379-385.

Edry, E. and D. Melamed. 2004. Receptor editing in positive and negative selection of B
lymphopoiesis. J. Immunol. 173: 4265-4271.

Wardemann, H., S. Yurasov, A. Schaefer, J. W. Young, E. Meffre, and M. C. Nussenzweig.
2003. Predominant autoantibody production by early human B cell precursors. Science 301:
1374-1377.

Gay, D., T. Saunders, S. Camper, and M. Weigert. 1993. Receptor editing: an approach by
autoreactive B cells to escape tolerance. J. Exp. Med. 177: 999-1008.

Radic, M. Z., J. Erikson, S. Litwin, and M. Weigert. 1993. B lymphocytes may escape tolerance
by revising their antigen receptors. J. Exp. Med. 177: 1165-1173.

Melamed, D., R. J. Benschop, J. C. Cambier, and D. Nemazee. 1998. Developmental regulation
of B lymphocyte immune tolerance compartmentalizes clonal selection from receptor selection.
Cell 92: 173-182.

Wirths, S. and A. Lanzavecchia. 2005. ABCB1 transporter discriminates human resting naive B
cells from cycling transitional and memory B cells. Eur. J. Immunol. 35: 3433-3441.

Meffre, E., E. Davis, C. Schiff, C. Cunningham-Rundles, L. B. Ivashkiv, L. M. Staudt, J. W.
Young, and M. C. Nussenzweig. 2000. Circulating human B cells that express surrogate light
chains and edited receptors. Nat. Immunol. 1: 207-213.

Tew, J. G., J. Wu, D. Qin, S. Helm, G. F. Burton, and A. K. Szakal. 1997. Follicular dendritic
cells and presentation of antigen and costimulatory signals to B cells. Immunol. Rev. 156: 39-
52.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

General introduction

Batista, F. D., E. Arana, P. Barral, Y. R. Carrasco, D. Depoil, J. Eckl-Dorna, S. Fleire, K. Howe,
A. Vehlow, M. Weber et al. 2007. The role of integrins and coreceptors in refining thresholds
for B-cell responses. Immunol. Rev. 218: 197-213.

Odegard, V. H. and D. G. Schatz. 2006. Targeting of somatic hypermutation. Nat. Rev.
Immunol. 6: 573-583.

Edry, E. and D. Melamed. 2007. Class switch recombination: a friend and a foe. Clin.
Immunol. 123: 244-251.

Liu, Y. J., C. Arpin, O. de Bouteiller, C. Guret, ]J. Banchereau, H. Martinez-Valdez, and S.
Lebecque. 1996. Sequential triggering of apoptosis, somatic mutation and isotype switch
during germinal center development. Semin. Immunol. 8: 169-177.

Weller, S., A. Faili, C. Garcia, M. C. Braun, F. F. Le Deist, G. G. Saint Basile, O. Hermine, A.
Fischer, C. A. Reynaud, and J. C. Weill. 2001. CD40-CD40L independent Ig gene
hypermutation suggests a second B cell diversification pathway in humans. Proc. Natl. Acad.
Sci. U. S. A98: 1166-1170.

Cerutti, A. 2008. The regulation of IgA class switching. Nat. Rev. Immunol. 8: 421-434.

McHeyzer-Williams, L. J. and M. G. McHeyzer-Williams. 2005. Antigen-specific memory B cell
development. Annu. Rev. Immunol. 23: 487-513.

Shapiro-Shelef, M. and K. Calame. 2005. Regulation of plasma-cell development. Nat. Rev.
Immunol. 5: 230-242.

Choe, J. and Y. S. Choi. 1998. IL-10 interrupts memory B cell expansion in the germinal center
by inducing differentiation into plasma cells. Eur. J. Immunol. 28: 508-515.

Lanzavecchia, A., N. Bernasconi, E. Traggiai, C. R. Ruprecht, D. Corti, and F. Sallusto. 2006.
Understanding and making use of human memory B cells. Immunol. Rev. 211: 303-309.

Klein, U., T. Goossens, M. Fischer, H. Kanzler, A. Braeuninger, K. Rajewsky, and R. Kuppers.
1998. Somatic hypermutation in normal and transformed human B cells. Immunol. Rev. 162:
261-280.

Jones, B. D. and S. Falkow. 1996. Salmonellosis: host immune responses and bacterial
virulence determinants. Annu. Rev. Immunol. 14: 533-561.

Jepson, M. A. and M. A. Clark. 2001. The role of M cells in Salmonella infection. Microbes.
Infect. 3: 1183-1190.

Rescigno, M., M. Urbano, B. Valzasina, M. Francolini, G. Rotta, R. Bonasio, F. Granucci, J. P.
Kraehenbuhl, and P. Ricciardi-Castagnoli. 2001. Dendritic cells express tight junction proteins
and penetrate gut epithelial monolayers to sample bacteria. Nat. Immunol. 2: 361-367.

Fierer, J. 2001. Polymorphonuclear leukocytes and innate immunity to Salmonella infections in
mice. Microbes. Infect. 3: 1233-1237.

Wick, M. J. 2004. Living in the danger zone: innate immunity to Salmonella. Curr. Opin.
Microbiol. 7: 51-57.

Patel, J. C. and J. E. Galan. 2005. Manipulation of the host actin cytoskeleton by Salmonella--
all in the name of entry. Curr. Opin. Microbiol. 8: 10-15.

Gorvel, J. P. and S. Meresse. 2001. Maturation steps of the Salmonella-containing vacuole.
Microbes. Infect. 3: 1299-1303.

Holden, D. W. 2002. Trafficking of the Salmonella vacuole in macrophages. Traffic. 3: 161-
169.

23



Chapter 1

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

24

Fields, P. I., R. V. Swanson, C. G. Haidaris, and F. Heffron. 1986. Mutants of Salmonella
typhimurium that cannot survive within the macrophage are avirulent. Proc. Natl. Acad. Sci. U.
S. A 83: 5189-5193.

Meresse, S., K. E. Unsworth, A. Habermann, G. Griffiths, F. Fang, M. J. Martinez-Lorenzo, S. R.
Waterman, J. P. Gorvel, and D. W. Holden. 2001. Remodelling of the actin cytoskeleton is
essential for replication of intravacuolar Salmonella. Cell Microbiol. 3: 567-577.

Hornef, M. W., M. J. Wick, M. Rhen, and S. Normark. 2002. Bacterial strategies for overcoming
host innate and adaptive immune responses. Nat. Immunol. 3: 1033-1040.

Zwart, W., A. Griekspoor, C. Kuijl, M. Marsman, J. van Rheenen, H. Janssen, ]J. Calafat, M. van
Ham, L. Janssen, M. van Lith et al. 2005. Spatial separation of HLA-DM/HLA-DR interactions
within MIIC and phagosome-induced immune escape. Immunity. 22: 221-233.

Shea, J. E., M. Hensel, C. Gleeson, and D. W. Holden. 1996. Identification of a virulence locus
encoding a second type III secretion system in Salmonella typhimurium. Proc. Natl. Acad. Sci.
U. S. A93: 2593-2597.

Gasem, M. H., M. Keuter, W. M. Dolmans, D. Van, V, R. Djokomoeljanto, and J. W. Van Der
Meer. 2003. Persistence of Salmonellae in blood and bone marrow: randomized controlled trial
comparing ciprofloxacin and chloramphenicol treatments against enteric fever. Antimicrob.
Agents Chemother. 47: 1727-1731.

Vazquez-Torres, A., J. Jones-Carson, A. J. Baumler, S. Falkow, R. Valdivia, W. Brown, M. Le,
R. Berggren, W. T. Parks, and F. C. Fang. 1999. Extraintestinal dissemination of Salmonella by
CD18-expressing phagocytes. Nature 401: 804-808.

Richter-Dahlfors, A., A. M. Buchan, and B. B. Finlay. 1997. Murine salmonellosis studied by
confocal microscopy: Salmonella typhimurium resides intracellularly inside macrophages and
exerts a cytotoxic effect on phagocytes in vivo. J. Exp. Med. 186: 569-580.

Eisenstein, T. K., L. M. Killar, and B. M. Sultzer. 1984. Immunity to infection with Salmonella
typhimurium: mouse-strain differences in vaccine- and serum-mediated protection. J. Infect.
Dis. 150: 425-435.

Mastroeni, P., B. Villarreal-Ramos, and C. E. Hormaeche. 1993. Adoptive transfer of immunity
to oral challenge with virulent salmonellae in innately susceptible BALB/c mice requires both
immune serum and T cells. Infect. Immun. 61: 3981-3984.

Banchereau, J., F. Bazan, D. Blanchard, F. Briere, J. P. Galizzi, C. van Kooten, Y. J. Liu, F.
Rousset, and S. Saeland. 1994. The CD40 antigen and its ligand. Annu. Rev. Immunol. 12:
881-922.

Malynn, B. A., D. T. Romeo, and H. H. Wortis. 1985. Antigen-specific B cells efficiently present
low doses of antigen for induction of T cell proliferation. J. Immunol. 135: 980-988.

Lombardi, G., F. del Gallo, D. Vismara, E. Piccolella, C. de Martino, C. Garzelli, C. Puglisi, and
V. Colizzi. 1987. Epstein-Barr virus-transformed B cells process and present Mycobacterium
tuberculosis particulate antigens to T-cell clones. Cell Immunol. 107: 281-292.

Zhang, Y. P., S. J. Tzartos, and H. Wekerle. 1988. B-T lymphocyte interactions in experimental
autoimmune myasthenia gravis: antigen presentation by rat/mouse hybridoma lines secreting
monoclonal antibodies against the nicotinic acetylcholine receptor. Eur. J. Immunol. 18: 211-
218.

Vidard, L., M. Kovacsovics-Bankowski, S. K. Kraeft, L. B. Chen, B. Benacerraf, and K. L. Rock.
1996. Analysis of MHC class II presentation of particulate antigens of B lymphocytes. J.
Immunol. 156: 2809-2818.

Batista, F. D. and M. S. Neuberger. 2000. B cells extract and present immobilized antigen:
implications for affinity discrimination. EMBO J. 19: 513-520.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

General introduction

Clark, M. R., D. Massenburg, K. Siemasko, P. Hou, and M. Zhang. 2004. B-cell antigen
receptor signaling requirements for targeting antigen to the MHC class II presentation
pathway. Curr. Opin. Immunol. 16: 382-387.

Aluvihare, V. R., A. A. Khamlichi, G. T. Williams, L. Adorini, and M. S. Neuberger. 1997.
Acceleration of intracellular targeting of antigen by the B-cell antigen receptor: importance
depends on the nature of the antigen-antibody interaction. EMBO J. 16: 3553-3562.

Clark, M. R., D. Massenburg, M. Zhang, and K. Siemasko. 2003. Molecular mechanisms of B
cell antigen receptor trafficking. Ann. N. Y. Acad. Sci. 987: 26-37.

Neefjes, 1. 1., V. Stollorz, P. J. Peters, H. J. Geuze, and H. L. Ploegh. 1990. The biosynthetic
pathway of MHC class II but not class I molecules intersects the endocytic route. Cell 61: 171-
183.

Pieters, J., O. Bakke, and B. Dobberstein. 1993. The MHC class II-associated invariant chain
contains two endosomal targeting signals within its cytoplasmic tail. J. Cell Sci. 106 ( Pt 3):
831-846.

Nakagawa, T. Y. and A. Y. Rudensky. 1999. The role of lysosomal proteinases in MHC class II-
mediated antigen processing and presentation. Immunol. Rev. 172: 121-129.

Roche, P. A. and P. Cresswell. 1990. Invariant chain association with HLA-DR molecules
inhibits immunogenic peptide binding. Nature 345: 615-618.

Sloan, V. S., P. Cameron, G. Porter, M. Gammon, M. Amaya, E. Mellins, and D. M. Zaller.
1995. Mediation by HLA-DM of dissociation of peptides from HLA-DR. Nature 375: 802-806.

Ullrich, H. J., K. Doring, U. Gruneberg, F. Jahnig, J. Trowsdale, and S. M. van Ham. 1997.
Interaction between HLA-DM and HLA-DR involves regions that undergo conformational
changes at lysosomal pH. Proc. Natl. Acad. Sci. U. S. A 94: 13163-13168.

Narayan, K., C. L. Chou, A. Kim, I. Z. Hartman, S. Dalai, S. Khoruzhenko, and S. Sadegh-
Nasseri. 2007. HLA-DM targets the hydrogen bond between the histidine at position beta81
and peptide to dissociate HLA-DR-peptide complexes. Nat. Immunol. 8: 92-100.

Sherman, M. A., D. A. Weber, and P. E. Jensen. 1995. DM enhances peptide binding to class II
MHC by release of invariant chain-derived peptide. Immunity. 3: 197-205.

Denzin, L. K. and P. Cresswell. 1995. HLA-DM induces CLIP dissociation from MHC class II
alpha beta dimers and facilitates peptide loading. Cel/ 82: 155-165.

van Ham, S. M., U. Gruneberg, G. Malcherek, I. Broker, A. Melms, and J. Trowsdale. 1996.
Human histocompatibility leukocyte antigen (HLA)-DM edits peptides presented by HLA-DR
according to their ligand binding motifs. J Exp. Med. 184: 2019-2024.

Kropshofer, H., A. B. Vogt, G. Moldenhauer, J. Hammer, J. S. Blum, and G. J. Hammerling.
1996. Editing of the HLA-DR-peptide repertoire by HLA-DM. EMBO J 15: 6144-6154.

Douek, D. C. and D. M. Altmann. 1997. HLA-DO is an intracellular class II molecule with
distinctive thymic expression. Int. Immunol. 9: 355-364.

Hornell, T. M., T. Burster, F. L. Jahnsen, A. Pashine, M. T. Ochoa, J. J. Harding, C. Macaubas,
A. W. Lee, R. L. Modlin, and E. D. Mellins. 2006. Human dendritic cell expression of HLA-DO is
subset specific and regulated by maturation. J. Immunol. 176: 3536-3547.

Liljedahl, M., T. Kuwana, W. P. Fung-Leung, M. R. Jackson, P. A. Peterson, and L. Karlsson.

1996. HLA-DO is a lysosomal resident which requires association with HLA-DM for efficient
intracellular transport. EMBO J. 15: 4817-4824.

25



Chapter 1

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

26

van Ham, S. M., E. P. Tjin, B. F. Lillemeier, U. Gruneberg, K. E. van Meijgaarden, L. Pastoors,
D. Verwoerd, A. Tulp, B. Canas, D. Rahman et al. 1997. HLA-DO is a negative modulator of
HLA-DM-mediated MHC class II peptide loading. Curr. Biol. 7: 950-957.

Denzin, L. K., D. B. Sant'Angelo, C. Hammond, M. J. Surman, and P. Cresswell. 1997.
Negative regulation by HLA-DO of MHC class II-restricted antigen processing. Science 278:
106-109.

van Ham, M., M. van Lith, B. Lillemeier, E. Tjin, U. Gruneberg, D. Rahman, L. Pastoors, K. van
Meijgaarden, C. Roucard, J. Trowsdale et al. 2000. Modulation of the major histocompatibility
complex class II-associated peptide repertoire by human histocompatibility leukocyte antigen
(HLA)-DO. J Exp. Med. 191: 1127-1136.

Kropshofer, H., A. B. Vogt, C. Thery, E. A. Armandola, B. C. Li, G. Moldenhauer, S. Amigorena,
and G. J. Hammerling. 1998. A role for HLA-DO as a co-chaperone of HLA-DM in peptide
loading of MHC class II molecules. EMBO J. 17: 2971-2981.

van Lith, M., M. van Ham, A. Griekspoor, E. Tjin, D. Verwoerd, J. Calafat, H. Janssen, E. Reits,
L. Pastoors, and J. Neefjes. 2001. Regulation of MHC class II antigen presentation by sorting
of recycling HLA-DM/DO and class II within the multivesicular body. J Immunol. 167: 884-892.

Roucard, C., C. Thomas, M. A. Pasquier, J. Trowsdale, J. J. Sotto, J. Neefjes, and M. van Ham.
2001. In vivo and in vitro modulation of HLA-DM and HLA-DO is induced by B lymphocyte
activation. J Immunol. 167: 6849-6858.

Chen, X., O. Laur, T. Kambayashi, S. Li, R. A. Bray, D. A. Weber, L. Karlsson, and P. E.
Jensen. 2002. Regulated expression of human histocompatibility leukocyte antigen (HLA)-DO
during antigen-dependent and antigen-independent phases of B cell development. J Exp. Med
195: 1053-1062.

Glazier, K. S., S. B. Hake, H. M. Tobin, A. Chadburn, E. J. Schattner, and L. K. Denzin. 2002.
Germinal center B cells regulate their capability to present antigen by modulation of HLA-DO.
J. Exp. Med. 195: 1063-1069.

Nagarajan, U. M., J. Lochamy, X. Chen, G. W. Beresford, R. Nilsen, P. E. Jensen, and J. M.
Boss. 2002. Class II transactivator is required for maximal expression of HLA-DOB in B cells. J
Immunol. 168: 1780-1786.

Taxman, D. J., D. E. Cressman, and J. P. Ting. 2000. Identification of class II transcriptional
activator-induced genes by representational difference analysis: discoordinate regulation of
the DN alpha/DO beta heterodimer. J Immunol. 165: 1410-1416.

Muhlethaler-Mottet, A., L. A. Otten, V. Steimle, and B. Mach. 1997. Expression of MHC class II
molecules in different cellular and functional compartments is controlled by differential usage
of multiple promoters of the transactivator CIITA. EMBO J 16: 2851-2860.

Van den Elsen, P. J., T. M. Holling, H. F. Kuipers, and N. Van der Stoep. 2004. Transcriptional
regulation of antigen presentation. Curr. Opin. Immunol. 16: 67-75.

Muhlethaler-Mottet, A., W. Di Berardino, L. A. Otten, and B. Mach. 1998. Activation of the MHC
class II transactivator CIITA by interferon-gamma requires cooperative interaction between
Statl and USF-1. Immunity. 8: 157-166.

Piskurich, 1. F., Y. Wang, M. W. Linhoff, L. C. White, and J. P. Ting. 1998. Identification of
distinct regions of 5' flanking DNA that mediate constitutive, IFN-gamma, STAT1, and TGF-
beta-regulated expression of the class II transactivator gene. J Immunol. 160: 233-240.

Holling, T. M., E. Schooten, A. W. Langerak, and P. J. Van den Elsen. 2004. Regulation of MHC
class II expression in human T-cell malignancies. Blood 103: 1438-1444.



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

General introduction

Morimoto, Y., M. Toyota, A. Satoh, M. Murai, H. Mita, H. Suzuki, Y. Takamura, H. Ikeda, T.
Ishida, N. Sato et al. 2004. Inactivation of class II transactivator by DNA methylation and
histone deacetylation associated with absence of HLA-DR induction by interferon-gamma in
haematopoietic tumour cells. Br. J. Cancer 90: 844-852.

Gilboa, E. 1999. How tumors escape immune destruction and what we can do about it. Cancer
Immunol. Immunother. 48: 382-385.

Hermans, I. F., A. Daish, J. Yang, D. S. Ritchie, and F. Ronchese. 1998. Antigen expressed on
tumor cells fails to elicit an immune response, even in the presence of increased numbers of
tumor-specific cytotoxic T lymphocyte precursors. Cancer Res. 58: 3909-3917.

Zajac, A. 1., K. Murali-Krishna, J. N. Blattman, and R. Ahmed. 1998. Therapeutic vaccination
against chronic viral infection: the importance of cooperation between CD4+ and CD8+ T cells.
Curr. Opin. Immunol. 10: 444-449,

Janssen, E. M., E. E. Lemmens, T. Wolfe, U. Christen, M. G. von Herrath, and S. P.
Schoenberger. 2003. CD4+ T cells are required for secondary expansion and memory in CD8+
T lymphocytes. Nature 421: 852-856.

Antony, P. A., C. A. Piccirillo, A. Akpinarli, S. E. Finkelstein, P. J. Speiss, D. R. Surman, D. C.
Palmer, C. C. Chan, C. A. Klebanoff, W. W. Overwijk et al. 2005. CD8+ T cell immunity against
a tumor/self-antigen is augmented by CD4+ T helper cells and hindered by naturally occurring
T regulatory cells. J. Immunol. 174: 2591-2601.

Wang, L. X., S. Shu, M. L. Disis, and G. E. Plautz. 2007. Adoptive transfer of tumor-primed, in
vitro-activated, CD4+ T effector cells (TEs) combined with CD8+ TEs provides intratumoral TE
proliferation and synergistic antitumor response. Blood 109: 4865-4876.

Klebanoff, C. A., L. Gattinoni, and N. P. Restifo. 2006. CD8+ T-cell memory in tumor
immunology and immunotherapy. Immunol. Rev. 211: 214-224.

Jordanova, E. S., K. Philippo, M. J. Giphart, E. Schuuring, and P. M. Kluin. 2003. Mutations in
the HLA class II genes leading to loss of expression of HLA-DR and HLA-DQ in diffuse large B-
cell lymphoma. Immunogenetics 55: 203-209.

Rimsza, L. M., R. A. Roberts, T. P. Miller, J. M. Unger, M. LeBlanc, R. M. Braziel, D. D.
Weisenberger, W. C. Chan, H. K. Muller-Hermelink, E. S. Jaffe et al. 2004. Loss of MHC class II
gene and protein expression in diffuse large B-cell lymphoma is related to decreased tumor
immunosurveillance and poor patient survival regardless of other prognostic factors: a follow-
up study from the Leukemia and Lymphoma Molecular Profiling Project. Blood 103: 4251-
4258.

Rozman, C. and E. Montserrat. 1995. Chronic lymphocytic leukemia. N. Engl. J Med. 333:
1052-1057.

Bartik, M. M., D. Welker, and N. E. Kay. 1998. Impairments in immune cell function in B cell
chronic lymphocytic leukemia. Semin. Oncol. 25: 27-33.

Hallek, M., B. D. Cheson, D. Catovsky, F. Caligaris-Cappio, G. Dighiero, H. Dohner, P. Hillmen,
M. J. Keating, E. Montserrat, K. R. Rai et al. 2008. Guidelines for the diagnosis and treatment
of chronic lymphocytic leukemia: a report from the International Workshop on Chronic
Lymphocytic Leukemia updating the National Cancer Institute-Working Group 1996 guidelines.
Blood 111: 5446-5456.

Dazzi, F., E. D'Andrea, G. Biasi, G. De Silvestro, G. Gaidano, M. Schena, T. Tison, F. Vianello,
A. Girolami, and F. Caligaris-Cappio. 1995. Failure of B cells of chronic lymphocytic leukemia in
presenting soluble and alloantigens. Clin. Immunol. Immunopathol. 75: 26-32.

Scrivener, S., R. V. Goddard, E. R. Kaminski, and A. G. Prentice. 2003. Abnormal T-cell
function in B-cell chronic lymphocytic leukaemia. Leuk. Lymphoma 44: 383-389.

27



Chapter 1

100.

101.

102.

103.

28

Mellstedt, H. and A. Choudhury. 2006. T and B cells in B-chronic lymphocytic leukaemia:
Faust, Mephistopheles and the pact with the Devil. Cancer Immunol. Immunother. 55: 210-
220.

Vardiman, J. W., N. L. Harris, and R. D. Brunning. 2002. The World Health Organization
(WHO) classification of the myeloid neoplasms. Blood 100: 2292-2302.

Lowenberg, B., J. R. Downing, and A. Burnett. 1999. Acute myeloid leukemia. N. Engl. J. Med.
341: 1051-1062.

Brouwer, R. E., J. Hoefnagel, B. B. Borger van Der, I. Jedema, K. H. Zwinderman, I. C.
Starrenburg, H. C. Kluin-Nelemans, R. M. Barge, R. Willemze, and J. H. Falkenburg. 2001.
Expression of co-stimulatory and adhesion molecules and chemokine or apoptosis receptors on
acute myeloid leukaemia: high CD40 and CD11a expression correlates with poor prognosis. Br.
J. Haematol. 115: 298-308.



